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Introduction {#sec001}
============

The placenta is the organ of fetal adaptation to the maternal environment that is responsible for mechanical protection, nutrition, hormone production, gas exchange, hydro electrolytic control, and elimination of fetal excreta \[[@pone.0231938.ref001]\]. A placental anatomopathological examination is fundamental for evaluating the development of fetal annexes and identifying possible intrauterine and postnatal growth disorders, as well as diseases in adulthood \[[@pone.0231938.ref002],[@pone.0231938.ref003]\]. Placental weight is a strong predictor of infant weight at birth and is commonly used as a summary of total organ growth, presumably reflecting maternal support, efficiency, and the functional adaptive capacity of the placenta \[[@pone.0231938.ref004]\]. However, it has been shown that weight results from two distinct growths: the lateral expansion of the chorionic plate (area) and the vertical (thickness), as well as the arborization of the villi and the vascular surface of maternal-fetal exchange \[[@pone.0231938.ref005],[@pone.0231938.ref006]\].

In addition to placental weight, an assessment of placental area and thickness can be made during the second-trimester ultrasound examination, considering that a small placenta would be an indication of poor gestational prognosis and a predictor of preeclampsia \[[@pone.0231938.ref007]\] or perinatal morbidity. Moreover, previous studies have shown that placental volume estimated by ultrasonographic evaluation in the second trimester can predict both placental and birth weight \[[@pone.0231938.ref008]\].

In HIV-infected pregnant women using antiretroviral therapy (ART), an evaluation of fetal and placental growth enables the elucidation of several important factors that interfere with perinatal morbidity and mortality \[[@pone.0231938.ref009],[@pone.0231938.ref010]\]. However, a common difficulty in previous studies is the need to control outcomes not only for comorbidities that affect growth and are prevalent in general gestations and in HIV-infection status (hypertensive disorders, smoking, diabetes, illicit drugs, fetal malformation, congenital syphilis and maternal body mass index (BMI) disorders) but also for the use of highly active antiretroviral therapy (HAART) \[[@pone.0231938.ref009],[@pone.0231938.ref010]\]. In the literature related to adverse perinatal outcomes, conflicting data have been presented regarding the occurrence of restricted growth and preterm births in pregnant women infected with HIV under antiretroviral schemes with and without protease inhibitors (PI) before and after conception \[[@pone.0231938.ref010]--[@pone.0231938.ref014]\]. In this context, and considering the evidence that the postnatal growth of the children of HIV-infected women is often delayed or fails to meet expected values even without the occurrence of vertical transmission (VT) of the virus \[[@pone.0231938.ref015]\],new studies about fetal and placental growth in HIV-infected pregnant women are justified. Therefore, the objective of this study is to describe the placental growth disorders and adverse reproductive outcomes in HIV-infected pregnant women.

Materials and methods {#sec002}
=====================

This descriptive study was conducted with data collected from medical and institutional records of HIV-infected pregnant women on fetal annexes and concepts present at the Laboratory of Pathology of the University Hospital in Vitoria, and whose terminations occurred between November 2001 and November 2014. This hospital has a reference maternity hospital for pregnant women with high obstetric risk in the state of Espírito Santo, Brazil. The inclusion criteria were maternal diagnosis of HIV infection, gestational age (GA) confirmed by ultrasonography equal to or greater than 154 days (22 weeks post-menstrual period; PMP), and fetal attachments with anatomopathological examination performed at the pathology unit. Twin pregnancies were excluded because of the difficulty in determining the chorion partition. GA was based on the date of the last menstruation period (LMP). In cases of compatibility between GA and the fetal biometry (evaluated in the ultrasound examination conducted up to 20 GA) \[[@pone.0231938.ref016]\]---and for cases with differences greater than seven days between the calculated GA by LMP and fetal biometry or with unknown LMP---the GA calculation was based on echographic parameters \[[@pone.0231938.ref017]\]. The immunological status of pregnant women was classified as HIV or AIDS using the criteria adapted from the Centers for Disease Control and Prevention (CDC), the Rio de Janeiro-Caracas criteria (1992), or the documented medical diagnosis of AIDS. The CD4 + T lymphocyte (TL) values and viral load levels were obtained from the medical records, and the diagnoses of maternal and child infection followed the recommendations of Brazil's Ministry of Health. The VT case was confirmed with two positive viral loads or reactive serology of antibodies -HIV (ELISA) after 18 months of age \[[@pone.0231938.ref018]\].

Regarding ART, the treatment regimen considered as a variable for the analysis was the use or non-use of high-potency ART and use or non-use of PI. They were considered "used" when the medication was taken for at least five consecutive weeks. The timing of HIV diagnosis was categorized before and during gestation and at the time of delivery. As a reference value for birthweight, the local average weight of 3,247 g for live births in the state of Espírito Santo was used, according to data from the Live Birth Information System (SINASC) \[[@pone.0231938.ref019]\].

In this study, low birthweight was categorized as being less than 2,500 g., and births before the 37th week were considered preterm. The spontaneous preterm birth was one whose vaginal or cesarean delivery occurred after premature rupture of membranes, or with a diagnosis of preterm labor without other conditions. Iatrogenic or indicated preterm birth was considered when presenting a maternal indication for delivery, such as preeclampsia; or a fetal indication, such as fetal distress or intrauterine growth restriction; and the intervention was performed by cesarean section without labor, or by induction of labor \[[@pone.0231938.ref020]\].

Examinations of specimens from fetal annexes and perinatal death were performed according to standard procedures in the pathology unit, and they were examined macroscopically after fixation in a 10% formaldehyde solution. The placenta weight was measured without the umbilical cord and extra placental membranes \[[@pone.0231938.ref021]\], and the placenta area was calculated by tracing and dot-counting planimetry \[[@pone.0231938.ref022]\]. The placenta tracing is a drawing on a plastic sheet superimposed on the chorion plate of the contour and anatomical landmarks (e.g., insertion site of the umbilical cord, the inferior pole of the placenta, and any visible lesions on the fetal and maternal faces). The point scores \[[@pone.0231938.ref022],[@pone.0231938.ref023]\] were added to a copy of the paper trace using the quadratic graticule of 1, 4, and 16 points, with areas of 1.0, 4.0, and 16.0 cm^2^, respectively, counting the points on the choroidal plaque and, if present, on the extra-chorionic area and lesions \[[@pone.0231938.ref022]\]. The necessary points were counted to obtain an error coefficient lower than 3.0% (Kappa test).

The reference values for the mean placental diameter according to the GA come from the study of Boyd and Hamilton \[[@pone.0231938.ref021]\]. Mean placental thickness was calculated from the placental area \[[@pone.0231938.ref022]\] and volume estimated by placental weight \[[@pone.0231938.ref024]\]. The fetal/placental coefficient obtained from the birthweight divided by the placental weight was also calculated \[[@pone.0231938.ref005],[@pone.0231938.ref025]\]. The placental weight, area and thickness, birthweight, and fetal/placenta coefficients were transformed into a Z/GA score using the above criteria and by comparing with reference values contained in the literature \[[@pone.0231938.ref021],[@pone.0231938.ref022],[@pone.0231938.ref024],[@pone.0231938.ref026]\]. The cut-off points chosen for the Z score were -1.28 \< Z \< +1.28, from which three growth categories were defined: small for gestational age (SGA)--Z / gestational age (GA) ≤ -1.28, suitable for gestational age (AGA)---Z / GA between -1.28 and +1.28, and large for gestational age (LGA): Z / GA ≥ +1.28 \[[@pone.0231938.ref027]\].

The hospital manager authorized the study, and the data collected remained confidential. The Research Ethics Committee of the Federal University of Espírito Santo approved this study under number 2,518,900 / 2018.

Results {#sec003}
=======

We identified 187 requests for fetal annexes examination at the university hospital during the study period. 65 cases (35%) were excluded because of technical problems with the specimens, and the final sample consisted of 122 cases (65.2%). A comparison of cases included and excluded from the series, showed that there were no disparities between variables like maternal age, ethnicity, education, parity, immunological status, and fetal morphology.

The mean age of women was 28.6 years with a standard deviation of (SD) = + 5.7 (22.9--34), 81.9% of the women had at least one previous gestation (100/122), 66.4% had six or more prenatal consultations (81/122), 33.0% were underweight or obese (33/100), 66.4% were diagnosed before the current gestation (81/122), 55.7% had AIDS criteria (68/122), and 52.4% had detectable viral load (64/122). BMI was associated with placental weight (p 0.024; see [Table 1](#pone.0231938.t001){ref-type="table"}).

10.1371/journal.pone.0231938.t001

###### Demographic and clinical variables, obstetric data and delivery distribution by placental weight and area in HIV-infected pregnant women.
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  Variable                                                 Placental Weight   p value[\*\*](#t001fn002){ref-type="table-fn"}   Placental Area   p value[\*\*](#t001fn002){ref-type="table-fn"}               
  -------------------------------------------------------- ------------------ ------------------------------------------------ ---------------- ------------------------------------------------ ----------- -------
  **Age (years)**                                                                                                                                                                                            
  17--35                                                   23 (21.7)          83 (78.3)                                        0.521            34 (32.1)                                        72 (67.9)   0.400
  36 or older                                              2 (12.5)           14 (87.5)                                        7 (43.7)         9 (56.3)                                                     
  **Ethnicity**                                                                                                                                                                                               
  White                                                    5 (16.1)           26 (83.9)                                        0.610            8 (25.8)                                         23 (74.2)   0.380
  Other                                                    20 (22.0)          71 (78.0)                                        33 (36.3)        58 (63.7)                                                    
  **Education**                                                                                                                                                                                               
  \< = 4 years                                             7 (20,0)           28 (80.0)                                        0.999            12 (34.3)                                        23 (65.7)   0.999
  \>4 years                                                18 (20.7)          69 (79.3)                                        29 (33.3)        58 (66.7)                                                    
  **Parity**                                                                                                                                                                                                 
  Primigravida                                             7 (31.8)           15 (68.2)                                        0.154            33 (33.0)                                        67 (67.0)   0.806
  More than one                                            18 (18.0)          82 (82.0)                                        8 (36.4)         14 (63.6)                                                    
  **Antenatal care**                                                                                                                                                                                          
  Less than six visits                                     17 (21.0)          64 (79.0)                                        0.388            11 (26.8)                                        30 (73.2)   0.313
  Six or more visits                                       8 (19.5)           33 (80.5)                                        30 (37.0)        51 (63.0)                                                    
  **Tobacco use**                                                                                                                                                                                            
  No                                                       20 (21.7)          72 (78.3)                                        0.614            32 (34.8)                                        60 (65.2)   0.664
  Yes                                                      5 (16.7)           25 (83.3)                                        9 (30.0)         21 (70.0)                                                    
  **Alcohol**                                                                                                                                                                                                 
  No                                                       18 (20.0)          72 (80,0)                                        0.999            33 (36.7)                                        57 (63.3)   0.280
  Yes                                                      7 (21.9)           25 (78.1)                                        8 (25.0)         24 (75.0)                                                    
  **Drug abuse**                                                                                                                                                                                             
  No                                                       25 (22.3)          87 (77,7)                                        0.212            39 (34.8)                                        73 (65.2)   0.493
  Yes                                                      0 (0.0)            10 (100.0)                                       2 (20.0)         8 (80.0)                                                     
  **Preeclampsia**[\*](#t001fn001){ref-type="table-fn"}                                                                                                                                                      
  No                                                       22 (22.0)          78 (78.0)                                        0.454            31 (31.0)                                        69 (69.0)   0.518
  Yes                                                      1 (8.3)            11 (91.7)                                        5 (41.7)         7 (58.3)                                                     
  **Gestational diabetes**                                                                                                                                                                                   
  No                                                       25 (21.2)          93 (78.8)                                        0.713            39 (33.0)                                        79 (67.0)   0.333
  Yes                                                      0 (0.0)            4 (100.0)                                                         2 (50.0)                                         2 (50.0)    
  **BMI** (kg/m^2^)[\*](#t001fn001){ref-type="table-fn"}                                                                                                                                                     
  Underweight                                              6 (50.0)           6 (50.0)                                                          4 (33.3)                                         8 (66.6)    
  Normal weight                                            18 (24.0)          57 (76.0)                                        0.024            28 (37.3)                                        47 (62.6)   0.262
  Overweight                                               1 (4.0)            24 (96.0)                                                         9 (36.0)                                         16 (64.0)   
  Obese                                                    0 (0.0)            8 (100.0)                                                         0 (0.0)                                          8 (100.0)   
  **Urinary infection**                                                                                                                                                                                      
  No                                                       23 (23.0)          77 (77.0)                                        0.241            35 (35.0)                                        65 (65.0)   0.620
  Yes                                                      2 (9.1)            20 (90.9)                                        6 (27.3)         16 (72.7)                                                    
  **Syphilis**                                                                                                                                                                                               
  No                                                       24 (21.1)          90 (78,9)                                        0.999            40 (35.1)                                        74 (64.9)   0.265
  Yes                                                      1 (12.5)           7 (87.5)                                         1 (12.5)         7 (87.5)                                                     
  **Delivery**                                                                                                                                                                                               
  Vaginal                                                  5 (23.8)           16 (76.2)                                        0.767            10 (47.6)                                        11 (52.4)   0.203
  C-section                                                20 (19.8)          81 (80.2)                                        31 (30.7)        70 (69.3)                                                    

\*Missing values

\*\*Fisher exact or chi square test; BMI: Body Mass Index

SGA placental weights were observed in 25 of 122 cases (20.5%), AGA in 96 (78.7%), and LGA in one case (0.8%). The mean placental weight was 364.5 ± 88.3 g, ranging from 84 to 569 g and the Z/GA score of placental weight ranged from -3.4 to 1.9. It was possible to evaluate placental thickness in all cases, varying between 8.0 and 28.0 mm, with a mean of 18 ± 3.4 mm. The thickness Z/GA score ranged from -2.7 to 3.3. SGA thickness occurred in 4.9% of cases (6/122), a lower occurrence than the reference value of 10% corresponding to a DI of -5.1%.

Measurement of the placental area identified a variation between 107 and 290 cm^2^, with an average of 205.7 ± 41.3 cm^2^. The Z/GA score of placental area ranged from -2.7 to 0.8. SGA placental area was identified in 33.6% of the cases (41/122), There was no occurrence of GIG placental area.

The median T-CD4 + lymphocyte count in the pregnant women was 441 mm^3^, with interquartile range (IQR) = 303--620. Counts below 350 cells per mm^3^ of blood were detected in 42 cases and below 200 mm^3^ in 16. The median viral load (VL) was 601 copies/ml (IQR) = 1--6,765, of the women with detectable viral load, and the median was 2,027.5 (IQR = 618.5--26,849). VL was observed at or above 1,000 copies/ml in 47.5% (58/122) and undetectable in 34.4% (42/122) of the cases. Regarding ART received during pregnancy, 86.8% of the pregnant women (106/122) received some antiretroviral therapy, 8.4% received Zidovudine monotherapy (9/106), 1.8% received dual therapy (2/106), and 89.6% (95/106) received high-potency ART. Of these, 89.5% (85/95) received ART with PI and 10.5% (10/95) without PI. Among the 16 pregnant women who did not receive ART during prenatal care (13.1%), three did not receive intravenous ZDV during childbirth (18.7%; see [Table 2](#pone.0231938.t002){ref-type="table"}). Of the 16 women who did not receive ART, four did not receive prenatal care, and eight were diagnosed with HIV infection at the end of pregnancy.

10.1371/journal.pone.0231938.t002

###### HIV infection characteristics in pregnant women and placenta dimensions distribution by placental weight and area.
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  Variable                  Placental Weight   p value[\*](#t002fn001){ref-type="table-fn"}   Placental Area   p value[\*](#t002fn001){ref-type="table-fn"}               
  ------------------------- ------------------ ---------------------------------------------- ---------------- ---------------------------------------------- ----------- --------------
  **HIV diagnosis**                                                                                                                                                        
  Before pregnancy          17 (21.0)          64 (79.0)                                      0.999            27 (33.3)                                      54 (66.7)   0.999
  During pregnancy          8 (19.5)           33 (80.5)                                      14 (34.1)        27 (65.9)                                                  
  **HIV status**                                                                                                                                                          
  HIV                       11 (20.8)          42 (79.2)                                      0.822            17 (32.1)                                      36 (67.9)   0.847
  AIDS                      14 (20.3)          55 (79.7)                                      24 (34.8)        45 (65.2)                                                  
  **CD4 counts**                                                                                                                                                          
  \< 200 copies             5(31.3)            11(68.8)                                       0.450            6 (37.5)                                       10 (62.5)   
  200 to 499 copies         9 (16.7)           45 (83.3)                                      13 (24.1)        41 (75.9)                                      0.999       
  \> = 500 copies           11(21.2)           41(78.8)                                       22 (42.3)        30 (57.7)                                                  
  **CD4 counts**                                                                                                                                                          
  \< = 350 copies           10 (23.8)          32 (76.2)                                      0.637            14 (33.3)                                      28 (66.7)   0.086
  \> 350 copies             15 (18.8)          65 (81.3)                                      27 (33.7)        53 (66.3)                                                  
  **Viral load**                                                                                                                                                          
  Undetectable              9 (21.4)           33 (78.6)                                      0.999            16 (38.1)                                      26 (61.9)   0.546
  Detectable                16 (20.0)          64 (80.0)                                      25 (31.2)        55 (68.8)                                                  
  **ART initiation**                                                                                                                                                      
  Without ART               4 (25.0)           12 (75.0)                                      0.437            3 (30.0)                                       7 (70.0)    0.999
  Since before pregnancy    6 (16.2)           31 (83.8)                                      13 (34.2)        25 (65.8)                                                  
  In pregnancy              15 (21.7)          54 (78.3)                                      25 (33.8)        49 (66.2)                                                  
  **Protease inhibitor**                                                                                                                                                  
  No                        9 (25.0)           27 (75.0)                                      0.798            15 (48.4)                                      16 (51.6)   **0.049**
  Yes                       16 (18.6)          70 (81.4)                                      26 (28.6)        65 (71.4)                                                  
  **Placental thickness**                                                                                                                                                 
  SGA                       5 (83.3)           1 (16.7)                                       **\< 0.001**     2 (33.3)                                       4 (66.7)    
  AGA                       20 (20.6)          77 (79.4)                                      30 (30.9)        67 (69.1)                                      **0.383**   
  LGA                       0 (0.0)            19 (100.0)                                     9 (47.4)         10 (52.6)                                                  
  **Placental Area**                                                                                                                                                      
  SGA                       19 (46.3)          22 (53.7)                                      **\< 0.001**     \-                                             \-          \-
  AGA                       6 (7.4)            75 (92.6)                                      \-               \-                                             \-          
  **Placental weight**                                                                                                                                                    
  SGA                       \-                 \-                                             \-               6 (24.0)                                       19 (76.0)   
  AGA                       \-                 \-                                             \-               74 (77.1)                                      22 (22.9)   **\< 0.001**
  LGA                       \-                 \-                                             \-               1 (100.0)                                      0 (0.0)     

\*Fisher exact or chi square test; ART--antiretroviral therapy; SGA--small for gestational age; AGA---adequate for gestational age; LGA---large for gestational age.

Regarding placenta data, it was observed that SGA placental thickness was associated to SGA placental weight (p\<0.001) but was not associated to placental area (p.0383). SGA placental area was associated to SGA placental weight (p\<0.001).

[Table 3](#pone.0231938.t003){ref-type="table"} describes the fetal data, the outcome of the child, and mother-to-child-transmission (MTCT). Apgar scores in the first minute of seven or more were observed in 113 of 122 cases (92%). There was HIV vertical transmission in 6 of 122 (4.9%), in four of them there was a SGA placenta area (4/6, 66.7%), and in one case (1/6, 16.7%) there was a simultaneous occurrence of SGA for birth weight, placental weight, and placental area. The gestational outcome observed in this study included 15.6% (19/122) preterm births and 84.4% births at term (103/122). Regarding the classification of GA in the termination according to maternal immunological status, 73.7% of the cases of preterm birth in children of pregnant women with AIDS criteria were observed (14/19). Among the six cases of indicated preterm delivery observed in this series, three occurred because of severe pre-eclampsia, one was associated with maternal coma, one had a zero diastole on fetal ultrasonography, and another had a placenta previa with fetal death. AIDS criteria was present in five cases of iatrogenic preterm. Admission in neonatal intensive care unit occurred in 22.1% of the cases (27/122), and of these, 51.8% were preterm. AGA birthweight was associated with a non SGA placental weight (85.9%) compared to SGA birthweight (14.1%). AGA birthweight was associated with a non SGA placental area (70.7%) compared to SGA birthweight (29.3%).

10.1371/journal.pone.0231938.t003

###### Fetal variables, perinatal outcomes and MTCT in HIV-infected pregnant women distribution by weight and placental area.
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  Variable                          Placental Weight   p value[\*](#t003fn001){ref-type="table-fn"}   Placental Area   p value[\*](#t003fn001){ref-type="table-fn"}               
  --------------------------------- ------------------ ---------------------------------------------- ---------------- ---------------------------------------------- ----------- -----------
  **Fetal gender**                                                                                                                                                                 
  Male                              9 (15.8)           48 (84.2)                                      0.266            19 (33.3)                                      38 (66.7)   0.999
  Female                            16 (24.6)          49 (75.4)                                      22 (33.8)        43 (66.2)                                                  
  **Apgar score at first minute**                                                                                                                                                  
  \< 7                              2 (28.6)           5 (71.4)                                       0.426            4 (44.4)                                       5 (55.6)    0.483
  ≥ 7                               22 (19.5)          91 (80.5)                                      37 (32.7)        76 (67.3)                                                  
  **Preterm birth**                                                                                                                                                               
  Up to 36 weeks                    6 (31.6)           13 (68.4)                                      0.219            8 (42.1)                                       11 (57.9)   0.433
  37 or more weeks                  19 (18.4)          84 (81.6)                                      33 (32.0)        70 (68.0)                                                  
  **Perinatal death**                                                                                                                                                              
  Yes                               2 (40.0)           3 (60.0)                                       0.271            40 (34.2)                                      77 (65.8)   0.662
  No                                23 (19.7)          94 (80.3)                                      1 (20.0)         4 (80.0)                                                   
  **Weight at birth**                                                                                                                                                             
  \< 2,500 g                        13 (48.1)          14 (51.9)                                      **\<0.001**      14 (51.9)                                      13 (48.1)   **0.036**
  ≥ 2,500 g                         12 (12.6)          83 (87.4)                                      27 (28.4)        68 (71.6)                                                  
  **Weight at birth/GA**                                                                                                                                                           
  SGA                               12 (50.0)          12 (50.0)                                      **0.001**        14 (58.3)                                      10 (41.7)   
  AGA                               13 (14.1)          79 (85.9)                                      27 (29.3)        65 (70.7)                                      **0.006**   
  LGA                               0 (0.0)            6 (100.0)                                      0 (0.0)          6 (100.0)                                                  
  **MTCT of HIV**                                                                                                                                                                 
  No                                24 (20.7)          92 (79.3)                                      0.999            37 (31.9)                                      79 (68.1)   0.097
  Yes                               1 (16.7)           5 (83.3)                                       4 (66.7)         2 (33.3)                                                   

\*Fisher exact or chi square test; MTCT--mother-to-child-transmission; SGA--small for gestational age; AGA---adequate for gestational age; LGA---large for gestational age.

Death was the observed result in 4.1% of the pregnancies (5/122), fetal death occurred in two cases and neonatal in three. There was one case of septicemia in the preterm condition, one case of fetus at term, whose death occurred in another institution and could not be evaluated, and one case of chorioamnionitis due to premature rupture of membranes in a preterm fetus. Weight at birth \> = 2,500gr and AGA weight at birth/GA were associated to not SGA placental weight and area; see [Table 3](#pone.0231938.t003){ref-type="table"}.

In the multivariate analysis of the association between preterm birth, a 74% reduction in the probability of preterm birth was observed in women who attended six or more prenatal visits (p = 0.046), and 93% of the newborns had Apgar scores equal to or above seven (p = 0.004). For women 36 years of age or older, they were 5.7 times more likely to have a preterm birth than those under 36 (p = 0.044). For patients with AIDS-defining criteria, they were 3.7 times more likely to have preterm births (see [Table 4](#pone.0231938.t004){ref-type="table"}). The birth weight was evaluated in all cases, ranging from 374 to 5,015g with a mean of 2,821.1 ± 678.2g. The Z/GA score of birthweight ranged from -6.2 to 5.3. SGA birthweight was verified in 19.7% of the cases (24/122), higher than the expected occurrence of 10% for the general population corresponding to a direct increase (DI) of 9.7%.

10.1371/journal.pone.0231938.t004

###### Association between preterm birth and variables that remained in the final multivariate analysis.
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  Outcome                         Independent Variables   p value[\*](#t004fn001){ref-type="table-fn"}   OR adjusted (CI 95%)   
  ------------------------------- ----------------------- ---------------------------------------------- ---------------------- ---
  **Preterm birth**               Maternal status         HIV                                            \-                     1
  AIDS                            0.131                   3.66 (0.68--19.67)                                                    
  Antenatal care                  \< 6 visits             \-                                             1                      
  ≥ 6 visits                      **0.046**               0.26 (0.07--0.98)                                                     
  Anemia                          No                      \-                                             1                      
  Yes                             0.790                   1.24 (0.26--5.85)                                                     
  Apgar score first minute        \< 7                    \-                                             1                      
  ≥ 7                             **0.004**               0.07 (0.01--0.42)                                                     
  Age                             \< 36 years old         \-                                             1                      
  ≥ 36 years old                  **0.044**               5.66 (1.05--30.62)                                                    
  ART initiation                  Without ART             \-                                             1                      
  Since before pregnancy          0.290                   0.30 (0.03--2.80)                                                     
  During pregnancy                0.120                   0.21 (0.03--1.50)                                                     
  **Spontaneous preterm birth**   HAART                   No[\*\*](#t004fn002){ref-type="table-fn"}      \-                     1
  Without ART                     0.999                   0.00 (0.00)                                                           
  Yes                             0.739                   2.56 (0.01--64.69)                                                    
  Antenatal care                  \< 6 visits             \-                                             1                      
  ≥ 6 visits                      0.066                   0.21 (0.04--1.11)                                                     
  Anemia                          No                      \-                                             1                      
  Yes                             0.774                   1.31 (0.20--8.43)                                                     
  Apgar score first minute        \< 7                    \-                                             1                      
  ≥ 7                             **0.004**               0.04 (0.01--0.37)                                                     
  Age                             \< 36 years old         \-                                             1                      
  ≥ 36 years old                  0.098                   5.87 (0.72--47.55)                                                    
  ART initiation                  Without ART             \-                                             1                      
  Since before pregnancy          0.999                   0.00 (0.00)                                                           
  During pregnancy                0.999                   0.00 (0.00)                                                           
  **Indicated preterm birth**     Age                     \< 36 years old                                \-                     1
  ≥ 36 years old                  0.098                   4.65 (0.75--28.65)                                                    

\* Multivariate analysis

\*\*One or two antiretroviral drugs; ART antiretroviral therapy; HAART---Highly active antiretroviral therapy; OR---*Odds Ratio*; (1) Reference

The variables of weight, area, and placental thickness were input into a multivariate analysis along with variables that remained in the model, with statistically significant differences between SGA placental weight and SGA placental thickness (p = 0.003), and between placental weight and placental area (p = 0.001; [Table 5](#pone.0231938.t005){ref-type="table"}). An association was observed between AGA birthweight and HAART usage (p = 0.030). Of 92 AGA fetuses, 75 mothers (81.5%) used HAART, six received mono or dual therapy (6.5%), and 11 received no ARV (12.0%). Regarding SGA newborns, 17 used HAART (70.8%), 5 used mono or dual therapy (20.8%), and two did not take ARV (8.3%). Among LGA fetuses, three received HAART (50.0%), and three did not take any ARV (50.0%). A statistically significant association was observed in the multivariate analysis between the AGA placental area and the use of PI (p = 0.047, OR = 0.34 \[0.12--0.98\]), and between the SGA placental weight and SGA area (p = \<0.001, OR = 0.11 \[0.04--0.35\]).

10.1371/journal.pone.0231938.t005

###### Association between placental weight and area with variables that remained in the final multivariate analysis.

![](pone.0231938.t005){#pone.0231938.t005g}

  ------------------------ ---------------------- ----------------------- -------------------------------------------------- -------------------------- ---------------------------------------------------- --------------
  **Variable**             **Placental Weight**   **OR Crude (CI 95%)**   **p value**[\*](#t005fn001){ref-type="table-fn"}   **OR Adjusted (CI 95%)**   **p value**[\*\*](#t005fn002){ref-type="table-fn"}   
  **SGA n (%)**            **Not SGA n (%)**                                                                                                                                                                 
  **P. Thickness**                                                                                                                                                                                           
  SGA                      5 (83.3)               1 (16.7)                1                                                                             1                                                    
  AGA                      20 (20.6)              77 (79.4)               0.05 (0.01--0.47)                                  0.008                      0.02 (0.00--026)                                     **0.003**
  LGA                      0 (0.0)                19 (100.0)              0.00 (0.00-)                                       0.998                      0.00 (0.00-)                                         0.998
  **Placental Area**                                                                                                                                                                                         
  SGA                      19 (46.3)              22 (53.7)               1                                                                             1                                                    
  AGA                      6 (7.4)                75 (92.6)               0.09 (0.03--0.26)                                  **\< 0.001**               0.05 (0.01--0.21)                                    **\< 0.001**
  **Weight at birth**                                                                                                                                                                                        
  \<2,500 g                13 (48.1)              14 (51.9)               1                                                                             1                                                    
  ≥2,500 g                 12 (12.6)              83 (87.4)               0.16 (0.06--0.41)                                  **\< 0.001**               0.43 (0.11--1.68)                                    0.224
  **Weight at birth/GA**                                                                                                                                                                                     
  SGA                      12 (50.0)              12 (50.0)               1                                                                             1                                                    
  AGA                      13 (14.1)              79 (85.9)               0.17 (0.06--0.44)                                  **\< 0.001**               0.47 (0.12--1.88)                                    0.283
  LGA                      0 (0.0)                6 (100.0)               0.00 (0.00-)                                       0.999                      0.00 (0.00)                                          0.999
  **Variable**             **Placental Area**     **OR Crude (CI 95%)**   **p value**[\*](#t005fn001){ref-type="table-fn"}   **OR Adjusted (CI 95%)**   **p value**[\*\*](#t005fn002){ref-type="table-fn"}   
  **SGA n (%)**            **Not SGA n (%)**                                                                                                                                                                 
  **PI use**                                                                                                                                                                                                 
  No                       15 (48.4)              16 (51.6)               1                                                                             1                                                    
  Yes                      26 (28.6)              65 (71.4)               0.43 (0.18--0.99)                                  **0.046**                  0.34 (0.12--0.98)                                    **0.047**
  **Placental weight**                                                                                                                                                                                       
  SGA                      19 (76.0)              6 (24.0)                1                                                                             1                                                    
  AGA                      22 (22.9)              74 (77.1)               0.09 (0.03--0.26)                                  **\< 0.001**               0.11 (0.04--0.35)                                    **\< 0.001**
  LGA                      0 (0.0)                1 (100.0)               0 (0.00-)                                          0.999                      0 (0.00-)                                            0.999
  **Weight at birth**                                                                                                                                                                                        
  \<2,500 gr               14 (51.9)              13 (48.1)               1                                                                             1                                                    
  \> = 2,500 gr            27 (28.4)              68 (71.6)               0.37 (0.15--0.89)                                  **0.026**                  0.72 (0.21--2.51)                                    0.605
  **Weight at birth/GA**                                                                                                                                                                                     
  SGA                      14 (58.3)              10 (41.7)               1                                                                             1                                                    
  AGA                      27 (29.3)              65 (70.7)               0.30 (0.12--0.75)                                  **0.010**                  0.65 (0.19--2.22)                                    0.497
  LGA                      0 (0.0)                6 (100.0)               0 (0.00-)                                          0.999                      0 (0.00-)                                            0.999
  ------------------------ ---------------------- ----------------------- -------------------------------------------------- -------------------------- ---------------------------------------------------- --------------

\*Fisher exact or chi square test

\*\* multivariate analysis; OR---Odds Ratio; GA gestational age; P. = Placental; SGA--small for gestational age; AGA---adequate for gestational age; LGA---large for gestational age.

Discussion {#sec004}
==========

The occurrence of 20.5% of placentas with SGA weight discovered in the present study is higher than established reference values \[[@pone.0231938.ref021],[@pone.0231938.ref027]\], but it was similar to the 20% (7/35) verified in a case study conducted in the city of Niterói, Brazil \[[@pone.0231938.ref028]\]. In addition, it was less frequent in comparison with the 54.3% of SGA-weighted placentas (64/118) reported in pregnant women in Cape Town (South Africa) who had used predominantly HAART \[[@pone.0231938.ref029]\]. The mean value of placental weight was lower than the value reported in other cases of HIV-infected pregnant women \[[@pone.0231938.ref028],[@pone.0231938.ref029],[@pone.0231938.ref030]\]. Other data also found the highest placental mean weight among HIV-infected when compared to uninfected women \[[@pone.0231938.ref031],[@pone.0231938.ref032]\]. In the present study, almost 80% of pregnant women used HAART, and there was an association between SGA placentas and low birth weight in contrast to the study by Kalk et al. that observed a weak correlation with weight at birth despite a high report rate of placentas with SGA weight \[[@pone.0231938.ref029]\].

Placental area serves as a marker of poor reproductive outcomes, of conditions and possible diseases in adult life, and it is a determinant of independent fetal growth \[[@pone.0231938.ref033]\]. In this sense, the occurrence of 33.6% of SGA placental area may indicate that some aggression or failure of adaptation occurred early in the pregnancy since the area reflects lateral growth of the placenta that is predominantly performed in the first and second gestational trimesters \[[@pone.0231938.ref005]\]. In addition, the association between the use of PI schemes and the occurrence of SGA placental area in this series may suggest an early effect of PI on lateral placental growth. However, there was no statistical association with maternal immunological status or comorbidities not associated with HIV, nor were there other studies that analyzed this dimension in pregnant women using PI regimens. The Z/GA score of the placental area was lower than previously referenced values reported in the literature about the human placenta \[[@pone.0231938.ref021],[@pone.0231938.ref034]\].

Data from the National Collaborative Perinatal Project indicate that the presence of comorbidity may trigger a reflex of maladaptation or a compensatory mechanism that influences both reduction and placental hypertrophy. However, no studies on placenta size were identified in HIV-infected pregnant women that included an analysis of the placental area \[[@pone.0231938.ref004]\]. In this sense, and contrary to the other placental dimensions evaluated in this study, the high proportion of LGA placental thickness can be related to possible adaptive growth. An average placental thickness similar to the 20 mm reported in a sample from Niterói \[[@pone.0231938.ref028]\] was found, contrasting with results observed in a Nairobi study, with placentas significantly less thick at preterm terminations of HIV infected pregnant women when compared to women not infected with preterm deliveries \[[@pone.0231938.ref035]\]. The proportion of SGA weight was higher than that observed in other studies with HIV-infected pregnant women performed in São Paulo \[[@pone.0231938.ref036]\], in South Africa \[[@pone.0231938.ref009]\], and in the general population in Brazil \[[@pone.0231938.ref019]\]. There was also an occurrence of SGA fetal weight in 33.3% of the cases of pregnant women using illicit drugs, higher than the 25% reported in a similar group in São Paulo \[[@pone.0231938.ref036]\].

Regarding maternal immunological status, our data do not corroborate the hypothesis of more frequent SGA weight in cases of AIDS \[[@pone.0231938.ref037],[@pone.0231938.ref038]\], with a high viral load and immunosuppression \[[@pone.0231938.ref038],[@pone.0231938.ref039],[@pone.0231938.ref040]\], that would represent an inability of the maternal organism to provide a supply appropriate to the fetus. When assessing the use of HAART, we identified higher proportion of AGA birthweight among women receiving HAART. This result differs from Chen et al. (2012) who found an association between SGA birthweight and the use of HAART \[[@pone.0231938.ref041]\]. Despite the high proportion of SGA born fetuses in this study and the presence of PI categorized ART, there was no statistical difference. These data differ from findings of a study that identified a higher risk for restricted fetal growth in pregnant women using regimens based on PI initiated before gestation \[[@pone.0231938.ref013]\], and from a study conducted by Van der Merwe et al. (2011) that showed an association between SGA birthweight and the use of PI regimens \[[@pone.0231938.ref042]\].

In the multivariate analysis of placental and birthweight in the present study, there was no significant difference in the relationship between SGA placental weight and SGA birthweight. Among the cases of SGA birthweigh, there was higher occurrence of SGA placental weight and SGA placental area. These findings may indicate that SGA placental weight and area precede fetal growth disorders and can therefore serve as a predictor, thus substantiating the proposed measurement of placental area and volume in the second trimester as markers of possible early aggression as well as predictors of perinatal morbidity. An important implication is that placental growth disorders are the most sensitive markers of aggression. In contrast, a restriction of placental growth may not be concomitant with the restriction of fetal growth, either because the fetus has optimized its growth or because delivery was anticipated \[[@pone.0231938.ref043]\].

Sociodemographic profile of HIV-infected pregnant women in this study reveals vulnerabilities that allow them to be characterized as an "at-risk group" for adverse reproductive outcomes, similar to that observed in both local \[[@pone.0231938.ref044],[@pone.0231938.ref045]\] and Brazilian cases \[[@pone.0231938.ref036],[@pone.0231938.ref046]\]. In this context, it is imperative not only to recognize risk factors like maternal age and BMI disorders \[[@pone.0231938.ref004]\] and conduct the corresponding interventions but also to promote comprehensive care in all circumstances for these women, infected or not, by strictly controlling growth \[[@pone.0231938.ref015],[@pone.0231938.ref047]\]. Maternal nutritional status is associated with better placental growth, including higher periconceptional BMI and gestational weight gain \[[@pone.0231938.ref004]\].

The high occurrence of cesarean sections observed in this group is as a result of following the Ministry of Health recommendations that elective cesarean sections should be conducted for HIV-infected pregnant women before the beginning of labor and the rupture of membranes to reduce vertical transmission rate. Also, maternal plasma viral load is the most substantial predictive factor of fetal infection risk, and detectable viral load occurred in more than 60% of the cases, thus possibly justifying the obstetric decision of non-vaginal delivery \[[@pone.0231938.ref018]\].

The proportion of preterm birth was higher than that reported by Lawn \[[@pone.0231938.ref048]\] for developed countries and by a study performed in Rio de Janeiro \[[@pone.0231938.ref049]\]; however, it was similar to the prevalence of HIV-infected pregnant women in Europe \[[@pone.0231938.ref050]\], South Africa \[[@pone.0231938.ref009],[@pone.0231938.ref042]\], and in another Brazilian study \[[@pone.0231938.ref051]\]. It was,however, lower in comparison with the study in São Paulo \[[@pone.0231938.ref052]\]. The following factors were associated with preterm birth: Apgar scores below seven, women with less than six prenatal consultations, and maternal ages above 36 years. The probability of preterm birth was 3.7 times higher in pregnant women who had AIDS-defining criteria. A maternal age equal to or above 36 years was a risk factor that increased the probability of preterm birth by 5.7 times, spontaneous preterm birth by 5.9 times, and indicated preterm birth by 4.6 times compared to pregnant women under 36 years of age. Wang et al. found no association between maternal age and preterm birth \[[@pone.0231938.ref053]\].

In our study, pregnant women using HAART had a 2.6-fold higher probability of spontaneous preterm birth than those who did not. In this group, there was no association between PI use and preterm birth, possibly due to the significant number of women who used antiretroviral therapy with PI during gestation. Watts et al. found an association between the use of protease inhibitor-initiated regimens before gestation and the increased risk of preterm birth \[[@pone.0231938.ref054]\]. These results were also evidenced in other studies \[[@pone.0231938.ref049],[@pone.0231938.ref055]\]. However, not all studies adjusted the maternal immune status that, by itself, could increase the risk of prematurity.

Regarding vertical transmission, it was observed that all cases occurred with some associated risk factors like syphilis, lack of prenatal care and no antiretroviral use. The 4.9% MTCT rate was higher than the 2.6% prevalence rate reported for Brazil \[[@pone.0231938.ref052]\].

Regarding fetal deaths, two cases occurred in preterm cases before 32 weeks in the present study. A high risk of fetal death has been reported in HIV-infected pregnant women, particularly in developing countries \[[@pone.0231938.ref056]\]. Some factors of morbidity besides virus infection, such as the use of illicit drugs or unfavorable socioeconomic conditions, are described as being possibly responsible for the high risk of fetal death observed in these populations. The 4.1% prevalence of perinatal death found in the study was above the SINASC values \[[@pone.0231938.ref019]\].

It should be highlighted that one limitation of this study may have been the selection of cases from a reference hospital that treats more cases of high obstetric risks, thereby explaining the higher prevalence of AIDS cases, medical complications, gestational complications, and poor reproductive outcomes compared to other health services. The proportion of cases with AIDS-defining criteria was higher than that reported in a previous study conducted in the same region \[[@pone.0231938.ref044]\]. However, there was no statistically significant difference when comparing maternal immune status and placental weight by GA. Other limitations of this study are the long period over which it was conducted, a decision adopted to increase the number of cases, as well as the lack of a comparative group of non-HIV infected pregnant women as is recommended by some authors \[[@pone.0231938.ref029],[@pone.0231938.ref057]\]. However, the present study used the reference values for placental dimensions and fetal weight already contained in the literature \[[@pone.0231938.ref058]\].

Conclusions {#sec005}
===========

The findings of the present study point out higher prevalence of placental growth disorders in HIV-infected pregnant women compared to international reference values. This may be due to the effects of the virus or to the use of combined antiretroviral regimens. The restriction of placental growth was the most common disorder, as evidenced by the high occurrence of SGA placental weight and SGA placental area, which are statistically related to the use of antiretroviral regimens with protease inhibitors. There was also an LGA thickness frequency above that expected in this study, probably the result of a compensatory mechanism to the other disorders. Regarding adverse reproductive outcomes, preterm birth and perinatal death were the most observed outcomes in HIV-infected pregnant women in this casuistry, and they occurred more frequently than the reference values specified. We suggest that multicentric studies with a more significant number of cases should be performed to increase knowledge about placental growth disorders and adverse reproductive outcomes in HIV-infected pregnant women, thereby contributing to the identification and prevention of morbidity and mortality factors in this group.
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